We utilize a real-time acoustic technique to characterize laser-induced optical breakdown thresholds of a silveddendrimer nanocomposite. Ultrasonic pulse echoes reveal bubble formation in the breakdown process. A significant threshold reduction is achieved with these nanoparticles. 02000 Optical Society of America Laser-induced optical breakdown (LIOB) with femtosecond lasers is utilized in &verse applications, including biomedical systems, material characterization, and data storage [l, 21. LIOB occurs when a sufficiently hgh threshold fluence is attained at focus, inducing plasma formation, which leads to nonlinear energy absorption and secondary effects that include shock-wave emission, heat transfer, and bubble formation (i.e., photodisruption). We previously employed krd-harmonic generation (THG) to demonstrate that by doping metallic nano-domains in a dendrimer (a highly branched spherical polymeric macromolecule), the LIOB threshold of the organic host can be significantly reduced [3]. The THG measurement provides only limited information about the photodisruption, so we have developed a real-time acoustic detection technique for characterizing microbubble formation in LIOB.
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Femtosecond laser pulses, produced by a 2SO-kHz regeneratively ampllfied Ti:Sapphire laser (A = 793 mn), were focused at the interface between a dendrimer solution and the bottom of a cylindrical tank. A tightly focused singleelement ultrasonic transducer (center frequency 50 MHz, 4.1 mm focal depth) was positioned to have a spot confocal with the laser beam. The transducer was used to receive acoustic emission from shockwave generation in the LIOB and to characterize bubble formation by actively probing the tank's bottom surface via pulseecho measurements. If a bubble forms, the ultrasonic pulse reflected from the top surface of the bubble travels shorter distance than that from the tank bottom. By viewing acoustic shifts in consecutive pulse-echoes (i.e., wave-field plots), bubble formation and subsequent behavior can be visualized.
The two solutions evaluated were pure ethylenediamine (EDA) core poly(amidoamine) (PAMAM) dendriiners and a silver-dendrimer hybrid nanocomposite, ({(Ag(O),,-PAMAM-E5.5COOAg}) ({ Ag(0)}E: for short) [4]. Figure   1 shows two pulse-echo recordings; the first illustrates laser blockage and the second is during bubble growth. A bubble has formed with a 34-11s acoustic shift, corresponding to a 2 5 . 5 -p bubble. Figure 2a is a wave-field plot illustrating this bubble's formation and adherence to the tank surface. Initially, only the reflection from the tank bottom is observed, corresponding to laser blockage. When the bubble forms, a new acoustic pulse emerges above this reflection and gradually shifts toward the transducer. As time progresses, the shift increases, confirming bubble growth. The {Ag(O)IE solution was characterized using the same procedure (Fig. 2b) . For a pure dendritner aqueous solution, the optical threshold at which signifcant acoustic power is reflected from a microbubble was found to be 50 mW (260 d k m 2 per pulse), while the LIOB threshold for (Ag(O)}E is 4 mW (21 mJ/cm2 per pulse), over an order of magnitude lower than the threshold of the pure dendrimer solution. This result indicates an unquestionable advantage of using DNC particles with a low threshold for photodisruption, and unlocks enormous potential for applications in biology, medicine, high contrast acoustic imaging, and optical data storage, etc..
